Plastics have become an important environmental concern due to their durability and 14 resistance to degradation. Out of all plastic materials, polyesters such as polyethylene terephthalate 15 42 chemical and especially by biological processes [8] and they have low production costs, which makes 43 their reuse not economically competitive. While these individual properties are desirable, when 44 combined they lead to the current problem we are facing: the accumulation of recalcitrant and 45 polymers in the environment that can degrade into microplastics with potential toxic effects [9]. The 46 Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 story of plastic pollution is a story of mismanagement of an otherwise valuable resource. Numerous 47 recent studies have highlighted the poor recycling rates of plastics compared to other materials. For 48 instance, a recent report estimates the amount of virgin plastics produced from oil of over 8 billion 49 metric tons, out of which only 9% have been recycled [10]. This reflects a saturated traditional 50 recycling industry and emphasises the need for novel approaches to plastic management including 51 the possibility of harnessing microbial activities to use plastic waste as a feedstock for 52 biotransformations [11][12][13][14].
. Enzymatic hydrolysis of PET results in a mixture of TPA and EG and, to a lesser extent, 115 the incomplete hydrolysis products BHET and MHET.
117
As a new-to-nature polymer, PET constitutes a challenge for any of the hydrolases that are active 118 against it. In this sense, it is worth highlighting that not all types of PET are equally susceptible to 119 microbial degradation. Depending on processing and thermal treatments, PET can occur in an 120 amorphous form or in a semi-crystalline form [36] . It has been shown that the extent of enzymatic 121 polyester hydrolysis depends on the degree of its crystallinity and chain orientation [37] . In the 122 amorphous regions, the polymer chains are less densely packed and are more susceptible to 123 hydrolytic attack compared to the crystalline regions. The enzymatic degradation rate of the polyester 124 correlates with the temperature difference between the melting temperature of the polymer and the 125 hydrolysis temperature. The polymer chain can be considered to be more mobile and accessible to 126 enzymatic attack when close to the glass transition temperature (Tg) of amorphous PET [38] .
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Therefore, increased enzymatic hydrolysis rates of PET are expected when performing the reaction 128 at temperatures near the Tg of the amorphous polyester. This suggests that efficient PET hydrolysis due to the secretion of a PET hydrolase [24] . When tested in vitro and in mesophilic conditions (below 137 the Tg of PET), this enzyme shows very low degradation rates of PET and, even though this activity 138 could be increased somewhat by directed evolution [40] , potential hydrolysis yields are far from 139 being able to sustain industrial bioprocesses. 
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TPA is transformed into PCA by the pathway encoded by the tph genes. These genes encode two 153 sequential catabolic steps: the addition of two hydroxyl groups in positions 4 and 5 of TPA by the 154 activity of the TPA dioxygenase TphA1A2A3 producing 1,6-dihydroxycyclohexa-2,4-diene-155 dicarboxylate (DCD) and the removal of the carboxyl group in position 6 by the action of the 1,2-156 dihydroxy-3,5-cyclohexadiene-1,4-dicarboxylate dehydrogenase TphB ( Fig. 2A) 
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We conducted a systematic analysis of the presence of the tph genes in the genomes available in 165 public databases. As a result, we identified genes sharing a significant identity and similar genetic 
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Using the sequences of characterised PCA dioxygenases, we conducted a bioinformatics search 198 of the pathways likely involved in the metabolism of PCA that are present in the genomes in which 199 we had previously identified the genes responsible for the conversion of TPA into PCA. Out of the 200 three pathways, the PCA-2,3-dioxygenase was not present in any of them. Among the β- 
Comamonas thiooxidans CNB1
Ramlibacter tataouinensis TTB310
Pseudomonas umsongensis BS3657
Pseudomonas agarici NCPPB2472 
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Using the sequences of FucO and Gcl from E. coli as probes, we conducted an analysis of the 258 likelihood of the occurrence of activities for EG degradation in different bacteria. Homologs to fucO 259 are widespread and present in all organisms investigated (not shown). In addition to the broad 260 substrate specificity of the enzymes active against EG, this suggests that EG degradation is a relatively 261 common feature in bacteria. Likewise, the canonical pathway for glyoxal degradation seems 262 ubiquitous as gcl is conserved in a very large number of bacterial species (not shown). As TPA 263 degradation genes are not as frequently present in bacterial genomes, we investigated next the 264 presence of activities for EG degradation in the strains that we had previously identified as carriers 265 of the tph genes for TPA mineralisation (Fig. 4B) Bio-based PET, also known as bio-PET, is the common term used to refer to a PET polymer in 278 which at least a fraction of the constituent monomers is obtained from biological -and therefore 279 renewable -sources. In this section we will review recent efforts to produce TPA and EG involving 280 microorganisms at any step (Fig. 5) . These methods can be fully or at least partially biotic and may 281 involve abiotic physico-chemical steps. Even if not completely 'green', these synthetic processes 282 promise to decrease the dependence on virgin PET derived from fossil feedstocks and may certainly 283 contribute to a fully circular and sustainable PET economy. 
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The last step, however, will be more difficult to take place biotically as it would involve the 
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The engineered xylose pathway is not the only way of obtaining EG. It can also be produced 343 from glucose in Saccharomyces cerevisiae using glycolytic enzymes [92] and via the synthesis of serine 344 in an engineered pathway in E. coli [93] . Serine is transformed into ethanolamine by a plant serine 345 decarboxylase. Ethanolamine is later transformed into glycolaldehyde by an oxidase and the latter 346 reduced to EG by a reductase (Fig. 5) . The pathway has been artificially reconstituted in E. coli and is 347 also amenable to metabolic engineering efforts to improve production yields. More recent efforts 348 have shown the feasibility of using synthesis gas (syngas) for the production of EG harnessing the 
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Similarly to the case of glycolytic procedures, TPA and EG resulting from hydrolysis could be 363 used for the synthesis of fresh PET, but we also advocate for their biotransformation into molecules 364 or processes with added value. An example of this could be their use in microbial fuel cells for the 365 production of electricity that has been achieved using TPA as a carbon source [99] . TPA metabolism 
